Resumo
Introduction
The snail Biomphalaria tenagophila has a wide spectrum of compatibility to Schistosoma mansoni and Echinostoma paraensei infections, ranging from refractory to highly susceptible. Moreover, different isolates of snail species can show a heterogeneous pattern to a parasite species infection (COELHO et al., 2004; ROSA et al., 2006; GARCIA et al., 2010; NACIF-PIMENTA et al., 2012) .
Parasites can inluence a snail host population in different ways, for example, by affecting fertility by destroying gonadal tissues or depleting the stock of nutritional resources, like galactogen, or through mortality during development (SORENSEN; MINCHELA, 2001) . These effects can also be observed from physio-pathological alterations induced by parasites during the course of infection (PINHEIRO et al., 2009) . Furthermore, the infectivity of snails can be inluenced by age, geographic origin and abiotic variables (ANDERSON et al., 1982; ODONGO-AGINYA et al., 2008) .
Studies about host-parasite relationships have indicated new mechanisms where some snail isolates are refractory or susceptible to parasitism (PERRIN et al., 2013) . To evade or subvert the internal defense system of the snail intermediate hosts, and guarantee their development, digenetic trematodes adopt different strategies, such as mimicking the internal host environment or reducing the hemocyte or humoral response (LOKER; ADEMA, 1995).
Recently, epigenetic mechanisms have been shown to play a role in modulating snail host susceptibility to helminth infection. The changes provoked by these mechanisms, such as stress, result in a selective pressure that shapes parasite survival or destruction in the host (ITTIPRASERT; KNIGHT, 2012; KNIGHT et al., 2016) .
Therefore, the aim of this study was to evaluate the pattern of compatibility of two geographic isolates of B. tenagophila (refractory and susceptible to S. mansoni) to infections by the trematode E. paraensei through exposure to different numbers of miracidia. Additionally, pathological features during the patent period are reported. (MALDONADO JR. et al., 2001a; 2001b) . The life cycle of E. paraensei was maintained in accordance with the rules of the Committee on Ethics in the Use of Animals of FIOCRUZ (permit LW-0020/10).
Material and Methods

Snails and parasite
Biomphalaria tenagophila suscetibility by Echinostoma paraensei
Experimental design
The snails used in the tests had an average shell diameter of 8 mm and were two months old. Five groups were formed from each isolate: B. tenagophila (TAIM), refractory to S. mansoni infection; and B. tenagophila (SJC), susceptible to S. mansoni. Each group was composed of ten snails for a total of 100 specimens.
The snails of each group were individually exposed to 10, 25, 50 or 100 miracidia of E. paraensei under a 60-watt light overnight LOKER, 2000) . An unexposed group of snails was also made. Subsequently, each snail was maintained individually in an aquarium containing 250 mL of dechlorinated water and autoclaved clay. They were fed with lettuce (Lactuca sativa) ad libitum and kept at a temperature between 26 + 1ºC and photoperiod of 12 h (COSTA et al., 2004) .
Infectivity assessment and mortality rates
Once a week, the snails were individually placed in Petri dishes with 3 mL of dechlorinated water under a 60-watt light for 3 h to stimulate cercarial release. The released cercariae were counted from the third week after exposure and, following Maldonado Jr. et al. (2001a) , the average number of larvae released was calculated by the number of released larvae divided by the number of snails releasing cercariae. Based on Muñoz-Antoli et al. (2007) , the mortality rates were estimated weekly for nine weeks.
Histopathological analysis
Additionally, ten specimens of each B. tenagophila isolate were exposed individually to 50 E. paraensei miracidia, in order to verify the pathological features during the patent period. Thirty-ive days after exposure, the snails were anesthetized by dipping them in a solution of 0.5% sodium pentobarbital (Hypnol) and removing them from the shells. The soft parts were ixed in Millonig's solution. The material was dehydrated in an alcohol series, clariied in xylol, imbedded in parafin, cut into 5 micrometer sections and stained with hematoxylin and eosin (TOLOSA et al., 2003) . The sections were photographed using a Zeiss Axioscop 2 microscope couple to a JVC TK-128OU camera.
Statistical analysis
The data were expressed as an average + standard error and a one-way ANOVA was carried out using the Statistica 7.0 software package. A Tukey HSD post-test was used to compare infectivity and cercarial release among the groups exposed to different numbers of miracidia. The chi-square test was applied to compare the mortality values. For all the statistical tests, P < 0.05 was considered signiicant.
Results
Infectivity rate
The infectivity was dependent on the miracidial number, with B. tenagophila (TAIM) showing 20% infection after exposure to 25 miracidia, followed by 30% and 90% after exposure to 50 and 100 miracidia, respectively. Biomphalaria tenagophila (SJC) specimens were more refractory to E. paraensei infection, with only a 10% infectivity rate in the groups exposed to 50 or 100 miracidia. The specimens infected with 25 miracidia did not release cercariae. However, these differences were not signiicant (P > 0.05).
Cercarial release
All the infected B. tenagophila (TAIM) specimens in the groups exposed to 25, 50 and 100 miracidia released cercariae until the ninth week of infection, starting at the fourth week post exposure (Figure 1 ). In contrast, the infected B. tenagophila (SJC) specimens exposed to 50 miracidia released cercariae in the fourth week and the group exposed to 100 miracidia released cercariae in the third week after exposure (Figure 1 ).
The number of cercariae released from B. tenagophila (TAIM) showed a tendency to increase from the fourth to the ninth week after exposure in the groups exposed to 25, 50 and 100 miracidia. In contrast, B. tenagophila (SJC) released cercariae only in the third and fourth weeks after exposure to 50 and 100 miracidia, respectively, and died after this period (Figure 1 ).
Mortality rate
The B. tenagophila (TAIM) specimens presented the lowest mortality rate. No mortality was observed for the groups exposed to 10, 25 and 100 miracidia and the unexposed snails, while the group exposed to 50 miracidia showed only 20% mortality in the pre-patent period.
The mortality of B. tenagophila (SJC) occurred only in the groups exposed to higher numbers of miracidia (50 and 100 miracidia) during the pre-patent period, showing 10% mortality in both groups. The highest mortality rates were observed immediately after the start of the patent period, reaching 60% at the ifth week for these groups. Moreover, mortality occurred whether or not the snails released cercariae. There was no signiicant difference in mortality when comparing the groups exposed to different numbers of miracidia.
Histopathological aspects
Histological sections of B. tenagophila (TAIM) ive weeks after exposure to E. paraensei revealed parasites in the pericardial sac and in the digestive gland but with no tissue reactions or hemocyte presence in these organs. However, a focal accumulation of hemocytes surrounding parasites was observed in the ovotestis region, where they provoked partial tissue damage (Figure 2 ). No tissue reactions or parasites were observed in the kidneys. 
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In B. tenagophila (SJC), few hemocytes were observed in the pericardial sac even in the absence of parasites in this region. Near the kidney, a parasite was observed encapsulated by hemocytes (focal tissue reaction). Few remaining cells of the original structural tissue were observed in the ovotestis and only some hemocyte iniltrates with no parasites were observed (Figure 3) . No parasites or tissue reactions were observed in the digestive glands. Figure 3A -A few hemocytes (arrows) were observed in the central region of the heart (h). Figures 3B and 3C -A large accumulation of hemocytes and an encapsulation reaction (arrow) were observed between the heart and kidney region. Figure 3D -A few cells of the original structural tissue remained (*). Presence of hemocyte reactions on the edge of the ovotestis tissue (arrows). Optical microscopy, stained with hematoxylin & eosin, X 20 (2A; 2B; 2C), X 40 (2D).
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Discussion
Biomphalaria tenagophila TAIM (refractory to S. mansoni) presented higher infectivity rates to E. paraensei than SJC (susceptible). Reactive oxygen is a factor involved in refractoriness of B. glabrata to infection by S. mansoni (MONÉ et al., 2011) . Unlike what was expected, the results showed that these digeneans act in different ways to evade the host defense mechanisms (LAFFERTY; SHAW, 2013) . Corroborating these data, Garcia et al. (2010) showed that even with a prior infection by E. paraensei, B. tenagophila (TAIM) maintained refractoriness when exposed to S. mansoni. In fact, it has been shown that immune suppression (or interference) is a key function in the BiomphalariaEchinostoma relationship, allowing the parasite to evade attack of humoral factors such as FREPs (ADEMA et al., 2013) .
In this study, we observed a direct relationship between the number of miracidia applied and the infectivity rate of B. tenagophila (TAIM). The same correlation was also observed between the number of E. paraensei miracidia and infectivity rate in B. glabrata (SU) and Lymnaea columella (MALDONADO JR. et al., 2001a; PINHEIRO et al., 2009) . In both isolates of B. tenagophila, the infectivity rate was dependent on the number of miracidia exposed to the snail. However, the infection only occurred at the higher miracidial doses in B. tenagophila (SJC), indicating that this species is less susceptible to E. paraensei infection. These results are in accordance to Knight et al. (2016) , who proposed that the parasite may orchestrate the behavior of speciic genes, speciically HSP 70, to its advantage. In general, the number of miracidia used are a determining factor for infectivity. Some authors have demonstrated that even though a large number of miracidia achieves total penetration, not all of the miracidia develop, which may be due to biotic stress (DREYFUSS et al., 1999) . This last mechanism may be involved in a demand on the snails for more energy, resulting in an exacerbated immune response and death.
In this study, the number of cercariae released was not inluenced by the number of miracidia in both B. tenagohila (TAIM and SJC) specimens, which is in agreement with Dreyfuss et al. (1999) . Limited reproductive capacity of the parasite may have occurred in the present study, which was possibly inluenced by factors such as nutrient availability and physical space for cercariogenesis (TUNHOLI ET AL., 2011a; 2011b) .
The infection was also a determining factor of the mortality observed in both snail isolates, but it was higher in B. tenagophila (SJC). Parasites can inluence host survival in different ways. When mortality occurs soon after exposure, it has been associated with adaptive effects, while when mortality occurs afterward it probably indicates excessive energy requirement or tissue damage provoked by the parasite (BAYNE; LOKER, 1987).
Maldonado Jr. et al. (2001a) observed that in B. glabrata, Physa marmorata and L. columella infected by E. paraensei, mortality occurred throughout the infection period. However, in L. columella the mortality occurred predominantly in the pre-patent period. The same pattern was observed by Muñoz-Antoli et al. (2007) for B. glabrata infected by E. friedi. However, in the present study, the survival of B. tenagophila (TAIM) was not inluenced by the exposure to E. paraensei because there was no relation between the mortality rate and the number of miracidia used.
In the present study, unlike what occurs after exposure to S. mansoni miracidia, B. tenagophila (TAIM) was highly susceptible to E. paraensei infection, as indicated by the histopathological indings and the presence of several parasitic forms in development under inlammatory reaction only in the ovotestis. This fact agrees with another study where the pericardial sac, digestive gland and ovotestis were the sites most colonized by the parasite (BOMFIM et al., 2014) . Therefore, for the E. paraensei infection, B. tenagophila (TAIM) developed a similar pathological pattern compared to B. glabrata isolates highly susceptible to infection by S. mansoni.
Moreover, B. tenagophila (SJC) showed little compatibility to E. paraensei infection, unlike what occurred during S. mansoni infection where this isolate showed moderate susceptibility. No parasites were found in the heart, but many hemocytes were observed, indicating recruitment to that site. In turn, there was severe reaction in the kidney region, consisting of both focal and diffuse tissue reactions. Some hemocyte proliferative foci were also seen in the ovotestis region.
In conclusion, the results demonstrate the compatibility of the two isolates of B. tenagophila to E. paraensei through infection with different numbers of miracidia, cercarial release, mortality and histopathological features. Moreover, they suggest that infection by E. paraensei represents a biotic stress that is expressed differently in the Biomphalaria isolates.
